INTRODUCTION
============

Clinical indication of resin composites has increased in posterior restorations over the last decade. This practice is generally accepted by clinicians as a minimally invasive technique^[@r10]^ and is requested by patients concerned about esthetics. The resin composite products available on the market vary both in terms of chemical composition and particle filler size, which can alter their behavior in response to the stress and wear caused by masticatory and toothbrushing processes in the oral environment^[@r13],[@r24],[@r26]^. These resin systems continue to be technique-sensitive^[@r18]^ and do not prevent leakage at the cervical margins as ideally desired^[@r06],[@r21]^, leading to secondary caries and postoperative sensitivity^[@r06]-[@r09],[@r17],[@r22]^.

Although *in vitro* studies offer important information, such as the mechanical properties, sealing capability, and durability of resinous materials^[@r11]-[@r12],[@r21],[@r26],[@r29]^, they hardly have a direct correlation with clinical trials. Changes in temperature, the presence of microorganisms, saliva, masticatory stress, and hygiene are examples of clinical phenomena that can interfere with the longevity of posterior resin composite restorations^[@r02],[@r06],[@r10],[@r21],[@r25],[@r27],[@r30]^. Hence, clinical trials can provide useful data regarding the performance of resin composite restorations^[@r02],[@r14],[@r19],[@r22],[@r23],[@r28],[@r30]^.

Many relatively short-term clinical studies have offered insight into the performance of resin composites on posterior teeth^[@r07],[@r09],[@r19],[@r23],[@r24],[@r30]^. Despite the different properties of the resinous materials evaluated in these studies, long-term follow-ups actually provide more information about the survival of these composites in clinical service.

The aim of this study is to report the 56-month performance of two direct resin composites, Filtek Z250 (3M ESPE, St. Paul, MN, USA) and Filtek P60 (3M ESPE), placed in Class I and II cavities. These systems vary in viscosity^[@r13]^, but both are indicated for posterior tooth restoration. The null hypothesis tested was that there is no difference between the two composites with respect to cavosurface marginal discoloration, marginal adaptation, secondary caries, anatomic form, surface texture, and postoperative sensitivity.

MATERIAL AND METHODS
====================

Forty-eight Class I and 42 Class II restorations (45 molars and 45 premolars) were placed in 33 patients (16 males and 17 females, ranging from 18-44 years of age), who were divided into two study groups according to the tested materials ([Table 1](#t01){ref-type="table"}). The mean age was 29, and the median age was 30. The restorations were made by the same experienced operator, and the patients included in the study had good oral hygiene and normal occlusion. Each patient received at least two Class I or two Class II restorations of similar types but different restorative materials. Written patient consent was obtained at the commencement of the project, and the protocol was approved by the Human Ethics Committee of Bauru School of Dentistry, University of São Paulo, Brazil. Cavity designs were prepared (restricted to the elimination of carious tissue) using a \#245 carbide bur (Jet; Beavers Dental Division of Sybron, Morrisburg, ON, Canada), which was changed every 5 preparations, and were finished using hand instruments. All cavity margins were enamel-bordered. The restorative procedures were performed using rubber dam isolation. The dentin in very deep cavities (less than approximately 0.5 mm of dentin, n=4 teeth) was covered with calcium hydroxide (Dycal; Dentsply Ind. e Com. Ltda., Petrópolis, RJ, Brazil) and resin-modified glass-ionomer cement (Vitrebond; 3M ESPE), whereas that in deep cavities (at least 0.5 mm of dentin, n=7 teeth) was covered solely with resin-modified glass-ionomer cement.

###### 

Number of restorations evaluated at baseline and after 56 months by tooth location and extension (class) into different study groups

  **Groups**      **Number of restorations baseline/56 months**   **Tooth baseline/56 months**   **Class baseline/56 months**           
  --------------- ----------------------------------------------- ------------------------------ ------------------------------ ------- -------
  1 (SB + Z250)   47/33                                           22/19                          24/14                          30/19   17/14
  2 (SB + P60)    43/34                                           23/19                          21/15                          18/12   25/22
  Total           90/67                                           45/38                          45/29                          48/31   42/36

SB=Single Bond; Z250=Filtek Z250; P60=Filtek P60

Enamel and dentin were acid-etched with 35% phosphoric acid gel (ScotchBond Etchant; 3M ESPE) for 15 s, and Single Bond (SB; 3M ESPE) adhesive system was applied to the dental substrates in accordance with the manufacturer\'s instructions. Randomization was processed (SPSS-Statistical Package for Social Science, Software Version 12, SPSS Inc., Chicago, IL, USA) so as to allocate the cavities to be restored according to the material (Filtek P60 or Filtek Z250 - [Table 1](#t01){ref-type="table"}). Paired design was appropriate for detecting differences in performance. Patients and examiners were unaware of this allocation in order to guarantee a double-blind study.

The materials used in this study are indicated in [Figure 1](#f01){ref-type="table"}. Resin composite placement followed the incremental technique (up to 2 mm-thick layers) using a flat-faced condenser. Each resin composite layer was light-cured for 20 s. A halogen light-curing unit (XL 3000; 3M ESPE) with the curing intensity set at 600 mW/cm^2^ was used for light-curing. After restorative procedures, a post-occlusal adjustment was performed using carbon paper and burs (Jet; Beavers Dental Division of Sybron).

###### 

Description of the adhesive system and resin composites used in this study

  **Materials**   **Composition**                                                                           **Manufacturers**            **Batch number**
  --------------- ----------------------------------------------------------------------------------------- ---------------------------- ------------------
  Single Bond     Bis-GMA, HEMA, dimethacrylates, polyalkenoic acid, copolymer, initiator, water, ethanol   3M ESPE, St. Paul, MN, USA   8BX
  Filtek Z250     Bis-GMA, UDMA, Bis-EMA, filler (0.01-3.5 µm)                                              3M ESPE, St. Paul, MN, USA   12090
  Filtek P60      Bis-GMA, UDMA, Bis-EMA, filler (0.01-3.5 µm)                                              3M ESPE, St. Paul, MN, USA   9099

Bis-GMA=Bisfenol glycidil methacrylate

HEMA=2- Hidroxi-ethyl-methacrylate

UDMA=Urethane dimethylmetacrylate

Bis-EMA=Ethoxylate-bisfenol glycidil methacrylate

Finishing and polishing of the restorations took place one week later, using multi-laminated carbide burs (Jet; Beavers Dental Division of Sybron), abrasive points (KG Sorensen, Barueri, SP, Brazil), polishing points (Enhance; Dentsply Ind. e Com. Ltda., Petrópolis, RJ, Brazil), and diamond paste (Kota Ind. e Com. Ltda., São Paulo, SP, Brazil). Each restoration was evaluated by two independent and calibrated clinicians utilizing the modified United States Public Health Service (USPHS) criteria^[@r01]^. Evaluation criteria included the following: cavosurface marginal discoloration, secondary caries, anatomic form, surface texture, marginal adaptation, and postoperative sensitivity ([Figure 2](#f02){ref-type="table"}). Bitewing radiographs were only taken when they were appropriate for diagnostic examination (as opposed to the baseline data).

###### 

Modified United States Public Health Service (USPHS) criteria and parameters used for the clinical evaluation of the restorations

  ---------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------
  Cavosurface marginal discoloration                                                             Alfa (A): No penetration of staining at the marginal interface
  Bravo (B): Penetration along the margin, but not in a pulpal direction                         
  Charlie (C): Penetration at the margin to the level of dentin or in a pulpal direction         
  Secondary caries                                                                               Alfa (A): No evidence of caries at the margin
  Charlie (C): Evidence of caries at the margin                                                  
  Anatomic form                                                                                  Alfa (A): Restoration continuous with tooth
  Bravo (B): Restorations discontinuous with tooth, but without exposure of the dentin or base   
  Charlie (C): Material missing, exposing dentin or base                                         
  Surface texture                                                                                Alfa (A): Surface is as smooth as the surrounding enamel
  Bravo (B): Surface is rougher than surrounding enamel                                          
  Charlie (C): Surface is very rough avoiding continuous movement of the explorer                
  Marginal adaptation                                                                            Alfa (A): No visible evidence of crevice along margin can be detected by the explorer
  Bravo (B): Crevice detected by the explorer, but without exposure of the dentin or base        
  Charlie (C): Dentin or base exposed                                                            
  Delta (D): The restoration is mobile or fractured                                              
  Postoperative sensitivity                                                                      Alfa (A): Not present
  Bravo (B): Sensitive but diminishing in intensity                                              
  Charlie (C): Spontaneous sensitivity                                                           
  ---------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------

The inter-examiner kappa index was 0.93 for the 56-month evaluation**.**When disagreement occurred during evaluation, a consensus was obtained among the examiners. The data was statistically analyzed by means of the Chi-square and Fisher Exact tests at a confidence level of 95%.

RESULTS
=======

After 56 months, 25 patients with a total of 67 restorations (31 Class I and 36 Class II) were analyzed. Eight patients were dropped from the study because they had moved out of town (3 patients) or could not be reached for other reasons (5 patients). Of the total patients at recall, one patient had extracted one tooth (Class I molar, Filtek Z250) and had submitted another to endodontic treatment (Class I molar, Filtek P60) due to periodontal problems. The evaluation rate according to the modified USPHS scores at 56 months is shown in [Table 2](#t02){ref-type="table"} and [Table 3](#t03){ref-type="table"}.

###### 

Summary of frequencies of United States Public Health Service (USPHS) criteria scores (%) at baseline and 56 months

  **Groups**   **Recall**   **n**   **Cavosurface marginal discoloration**   **Secondary caries**   **Anatomic form**   **Surface texture**   **Marginal adaptation**   **Postoperative sensitivity**
  ------------ ------------ ------- ---------------------------------------- ---------------------- ------------------- --------------------- ------------------------- -------------------------------
  (Z250)       Baseline     100     A 100                                    A 100                  A 100               A 100                 A 100                     A 100
                                    B 0                                      C 0                    B 0                 B 0                   B 0                       B 0
                                    C 0                                                             C 0                 C 0                   C 0                       C 0
               56 months    84      A 79                                     A 100                  A 58                A 88                  A 76                      A 100
                                    B 21                                     C 0                    B 42                B 12                  B 24                      B 0
                                    C 0                                                             C 0                 C 0                   C 0                       C 0
  (P60)        Baseline     100     A 100                                    A 100                  A 100               A 100                 A 100                     A 100
                                    B 0                                      C 0                    B 0                 B 0                   B 0                       B 0
                                    C 0                                                             C 0                 C 0                   C 0                       C 0
               56 months    87      A 71                                     A 97                   A 59                A 91                  A 68                      A 100
                                    B 29                                     C 3                    B 38                B 9                   B 32                      B 0
                                    C 0                                                             C 3                 C 0                   C 0                       C 0

###### 

Statistical values of the comparisons between the performances of the materials

                                       **Z250 (baseline x 56-months)**   **P60 (baseline x 56-months)**   **Z250 x P60**
  ------------------------------------ --------------------------------- -------------------------------- ----------------
  Cavosurface marginal discoloration   0.002                             \<0.001                          0.576
  Secondary caries                     1.000                             0.430                            1.000
  Anatomic form                        \<0.001                           \<0.001                          0.592
  Surface texture                      0.029                             0.076                            0.705
  Marginal adaptation                  \<0.001                           \<0.001                          0.590
  Postoperative sensitivity            1.000                             1.000                            1.00

P\<0.05 are statistically significant

Comparing the two evaluation periods for Filtek Z250, A score rates significantly decreased for cavosurface marginal discoloration (p\<0.001), anatomic form (p\<0.001), surface texture (p=0.029), and marginal adaptation (p\<0.001) criteria. In Filtek Z250 group, no C score rates were noted. An evaluation of the Filtek P60 group demonstrated a significant decrease in A score rates for cavosurface marginal discoloration (p\<0.001), anatomic form (p\<0.001), and marginal adaptation (p\<0.001). Filtek Z250 group did not present any secondary caries (p=1.00), whereas in Filtek P60 group, one restoration failed due to secondary caries (Class II premolar) and another as a result of unacceptable anatomic form (Class II premolar) (p=0.430). No failure occurred among the Class I restorations. The failure rate for Class II restorations amounted to 6%. In both groups, none of the patients reported postoperative sensitivity after 56 months of restoration placement (p=1.00).

At 56 months, no differences among modified USPHS criteria were found between the Z250 and P60 groups (p\<0.05).

DISCUSSION
==========

The number of patients attending recalls is relevant to obtaining reliable data regarding the performance of the restorations in clinical trials. In this study, 76% of the patients attended the 56-month recall, and 74% of the total restorations evaluated at baseline were re-evaluated in this period. All patients received notification letters and/or phone calls, in which the 56-month appointment evaluation was conducted. Unfortunately, eight patients could not be contacted.

The results of this study indicate that resin composite restorations can work well in posterior teeth, as the failure rate for the evaluated restorations (67) was very low (3%). Only one patient suffered from two failed restorations due to secondary caries and excessive loss of anatomic form. This most likely occurred because the patient changed his hygiene habits, allowing bacteria to accumulate and leading to resin composite degradation^[@r27]^. Another patient was submitted to endodontic treatment and tooth extraction due to the exposed root furcation of the restored molars, but not due to a direct failure of the restoration.

The longevity of restorations is dependent on many factors, including the materials and techniques used, patient compliance with oral hygiene, and patient\'s susceptibility to caries^[@r04]^. Most of the patients evaluated presented good hygiene and had no primary caries formation or periodontal problems, leading to a low rate of restoration failure.

None of the patients reported postoperative sensitivity after 56 months of evaluation (p=0.001). The lack of sensitivity may be the result of a calcium hydroxide liner and/or resin-modified glass-ionomer liner in deep and very deep cavities. The use of liners protects the pulpal-dentin complex, avoiding or decreasing the possibility of thermal/electric stimuli, minimizing hydrodynamic fluid movements, and also leading to respiratory dentin formation in very deep cavities^[@r05]^. The Single Bond adhesive system used is known to behave quite well in adhesion procedures, particularly on enamel^[@r07]^, and could minimize external fluid/bacteria penetration at the adhesive interface^[@r07]^. In addition, the incremental insertion technique of resin composites may influence the absence of postoperative sensitivity, as this technique results in an extremely limited gap formation between the resin-dentin interface^[@r15]^. Some authors^[@r19]^ have correlated postoperative sensitivity with the choice of restorative technique and adhesive system. If liners were not used, the results could have been different. Thus, the success expressed in the absence of postoperative sensitivity over 56 months should be interpreted with caution due to the limitations of the study.

On the other hand, for both materials, A score rates of cavosurface marginal discoloration decreased significantly from the baseline to the 56-month recall. B score rates of 29% and 22% for Filtek Z250 and Filtek P60, respectively, were present at the 56-month recall and may be explained by food pigmentation. The cavosurface marginal discoloration may be related as a function of adhesive system thickness and composition^[@r17]^ as well, rather than only due to resin composite. Most likely, the thickness and chemical composition of the adhesive at the tooth/restoration interface may suffer degradation, consequently resulting in staining by oral fluid penetration over the past 56 months, influencing these results.

Deficiencies in marginal adaptation may not only be due to gap formation, but to an excess of adhesive system^[@r14]^ or resin composite, impairing the adequate adaptation up to the cavosurface margin, regardless of finishing procedures. Moreover, the thin sections of adhesive system or resin composite overhangs may not resist abrasion at the tooth/restoration interface in stressed areas and may lead to a poor marginal adaptation^[@r03]^.

The anatomic form is sustained by the capacity of the resin composites to resist to the wear promoted by food and liquids presented in the diet during the masticatory process^[@r17],[@r26]^. The chemical composition, type, and amount of filler can alter the wear on restorations^[@r26]^. Furthermore, the chemical composition of the materials can influence their viscosities and handling characteristics. The viscosity of composite resins is based on a multifactorial determination: type and ratio of resin matrix components, the size and shape of the inorganic filler, the filler content, and, in particular, the interlocking between filler particles and interfacial interactions between filler particles and the resin matrix^[@r13],[@r26]^. However, despite the differences in the viscosities and handling of Filtek Z250 and Filtek P60, there are few differences in the filler characteristics and chemical composition of the two resin composites studied, according to the 3M ESPE technical profile. These similar characteristics may explain the relatively comparable results observed in this study after a 56-month evaluation of both restorative systems. A lack of long-term clinical data on the studied materials exists, but several short-term studies have related good performance to certain components similar to those found in Z100 (3M ESPE)^[@r28]^. Despite the excellent short-term clinical performance of Filtek P60 that some authors determined^[@r14]^ and that of Filtek Z250 that others found^[@r28]^, the anatomic form suffered degradation over time, as demonstrated by the reduction in A score and the increase in B score in the present study. Surface texture was expected to be altered in both restorative systems, such as anatomic form, after 56 months due to organic matrix abrasion, with/without appearance of bubbles enclosed within the resin composite. These bubbles were only observed using a sharp explorer, and none of the patients complained about this. In accordance with a 7-year study^[@r24]^, few clinical alterations were observed in the resin composite surface texture.

The use of posterior adhesive restorations can permit a more \"conservative\" approach due to cavity preparation. Apart from esthetics, this study demonstrated that resin composites may be a durable alternative for restoration of posterior teeth, as suggested by other authors^[@r16],[@r20]^. However, the durability of composite restorations in the oral environment can also be affected by the sensitivity of the technique, the operator variability, and the patient\'s oral hygiene and habits.

CONCLUSIONS
===========

Based on the results of this study, it seems reasonable to conclude that the two restorative systems demonstrated good clinical performance after 56 months in cavities with enamel-bordered margins and in low-risk patients. Thus, the null hypothesis was accepted. No failure occurred among the Class I restorations; however, the failure rate for Class II restorations amounted to 6%. Although there was evident degradation of surface and marginal characteristics when compared with the baseline data, these changes do not compromise the permanency of restorations in an oral environment. Subsequent follow-ups are required in order to determine the durability of these systems and provide more information regarding the behavior of the changes observed in this study.
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